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1 SLIDER HAVING A TEXTURED AIR BEARING SURFACE, 

2 HEAD STACK ASSEMBLY AND DISK DRIVE USING SAME 

3 

4 BACKGROUND OF THE INVENTION 

5 Field of the Invention 

6 The present invention relates to disk drives. More particularly, the present invention relates to 

7 air-bearing sliders that include a textured air-bearing surface (ABS) and to head stack assemblies and 

8 disk drives that include such an air-bearing slider. 

H> 9 Description of the Prior Art 

QlO A typical hard disk drive includes a head disk assembly ("HDA") and a printed circuit 

pll board assembly ("PCBA"). The HDA includes at least one magnetic disk ("disk"), a spindle 

r\l2 motor for rotating the disk, and a head stack assembly ("HSA") that includes a slider with at least 

IUl3 one transducer or read/write element for reading and writing data. The HSA is controllably 



jM, 14 positioned by a servo system in order to read or write information from or to particular tracks on 

L"Jl5 the disk. The typical HSA has three primary portions: (1) an actuator assembly that moves in 

0 16 response to the servo control system; (2) a head gimbal assembly ("HGA") that extends from the 

f*U7 actuator assembly and biases the slider toward the disk; and (3) a flex cable assembly that 

18 provides an electrical interconnect with minimal constraint on movement. 



19 A typical HGA includes a load beam, a gimbal attached to an end of the load beam, and a 

20 slider attached to the gimbal. The load beam has a spring function that provides a "gram load" 

21 biasing force and a hinge function that permits the slider to follow the surface contour of the 

22 spinning disk. The load beam has an actuator end that connects to the actuator arm and a gimbal 



23 end that connects to the gimbal that supports the slider and transmits the gram load biasing force 

24 to the slider to "load" the slider against the disk. A rapidly spinning disk develops a laminar 

25 airflow above its surface that lifts the slider away from the disk in opposition to the gram load 

26 biasing force. The slider is said to be "flying" over the disk when in this state. 

27 Padded sliders have been extensively used to improve the stiction problem (the tendency 

28 of facing and contacting highly polished flat surfaces to stick to one another) at the interface 

29 between the head and the disk during drive operation. Figs. 1A is a perspective view of a 
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1 conventional padded slider 100. Fig. IB is a cross-sectional view of the padded slider 100 of Fig. 

2 1A, taken along cross-sectional line AA f . Considering now Figs. 1A and IB collectively, the 

3 padded slider 100 may be formed of a block of aluminum titanium carbide. The slider 100 

4 includes an Air Bearing Surface (hereafter, ABS) 102. A shallow etch surface 1 14 is etched from 

5 the ABS 102 toward the leading edge of the padded slider 100. A deep etch surface 1 10 is etched 

6 from the ABS 102. A center pad 108 to which the slider's read/write transducer is attached is 

7 disposed on the trailing edge of the padded slider 100. As shown, the shallow etch surface 1 14 is 

8 disposed between the ABS 102 and the deep etch surface 110. The conventional padded slider 

9 100 also includes a plurality of protuberances 106 that protrude from the ABS 102. The 
fio protuberances 106 are pads that are configured to minimize the stiction between the surface of the 
Qli disk and the slider 100. The plurality of protuberances 106 rise away from the ABS 102 such that 
QL2 their free end is further away from both the shallow etch surface 114 and the deep etch surface 
~; 13 110 than is the ABS 102. The conventional padded slider 100, therefore, has a topology that 
^14 defines at least four discrete levels: an ABS 102, protuberances 106, a shallow etch surface 114 
M:15 and a deep etch surface 110. The protuberances 106 are typically formed by a separate carbon 
j s 1 16 deposition process that forms the pillar-shaped structures 106. As most easily seen in Fig. IB, the 
jf 17 free ends of protuberances 106 of a conventional padded slider 100 may collectively form a slight 
H*18 radius of curvature 1 12, which is exaggerated in Fig. IB for clarity of illustration. 

19 Such conventional padded sliders have a number of disadvantages, including the separate 

20 process step required to form the plurality of protuberances 106, some limitations on the 

21 placement of such discretely-deposited protuberances and the high flying pitch of the slider. The 

22 high flying pitch of the conventional slider 100 is of particular concern, as it significantly degrades 

23 the flying performance of the head, including poor Take Off Velocity (TOV) and contributes to 

24 poor vertical pitch and roll stiffness, poor fly ability and like disadvantages. 

25 What are needed, therefore, are sliders that do not suffer from the high flying pitch 

26 disadvantages inherent in conventional padded sliders and that do not require an extra process 

27 step to deposit the stiction minimizing protuberances 106. What are also needed are head stack 

28 assemblies and disk drives incorporating such improved sliders. 
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1 SUMMARY OF THE INVENTION 

2 Accordingly, this invention may be regarded as a head stack assembly for a disk drive 

3 having a disk, the head stack assembly including a body portion including a bore defining a pivot 

4 axis, an actuator arm cantilevered from the body portion and a head gimbal assembly supported at 

5 the actuator arm. The head gimbal assembly includes a load beam, a gimbal coupled to the load 

6 beam, and a slider coupled to the gimbal and including a transducer for reading and writing on a 

7 recording surface of a disk. The slider includes an air bearing surface that is configured to form a 

8 shallow recessed surface and a deep recessed surface. The air-bearing surface includes a leading 
u 9 air bearing region and one or more insular regions configured to reduce stiction with the disk. 

QlO The shallow recessed surface is disposed between the air bearing surface and the deep recessed 

o 

1=^11 surface. 

0112 The air-bearing surface may be selectively etched to form the shallow recessed surface 

ry 13 and/or the deep recessed surface. The insular region(s) may be formed by selectively etching the 

?\ 14 air-bearing surface. The insular region(s) may be bounded by the shallow recessed surface or by 

15 the deep recessed surface, for example. The insular region(s) may be substantially co-planar with 

p 16 the leading air bearing region. According to one embodiment of the present invention, the height 

17 differential between the insular region(s) of the air bearing surface and the leading air bearing 

18 region is less than 4 micro inches. The air-bearing surface may be curved such that the leading 

19 air-bearing region and the insular region(s) collectively form a radius of curvature. The air- 

20 bearing surface, according to another embodiment of the present invention, includes a plurality of 

21 insular regions, each of the plurality of insular regions being shaped and dimensioned so as to 

22 reduce stiction with the disk. The air-bearing surface may further include a center pad region 

23 disposed near a trailing edge of the slider. The insular region(s) of the air-bearing surface may 

24 take most any shape, such as a circle or an ellipse, for example. Each of the insular region(s) may 

25 be chosen to have surface area that is greater than 100 microns squared and less than 2000 

26 microns squared. The slider may further include a layer of diamond like carbon deposited on the 

27 insular region(s) and/or the leading air-bearing region of the air bearing surface, the shallow 

28 recessed surface and/or the deep recessed surface. 

29 The present invention may also be viewed as a disk drive comprising a disk having a 
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1 recording surface; a head stack assembly, including: a body portion including a bore defining a 

2 pivot axis; an actuator arm cantilevered from the body portion and a head gimbal assembly 

3 supported at the actuator arm. The head gimbal assembly includes a load beam; a gimbal coupled 

4 to the load beam, and a slider coupled to the gimbal and including a transducer for reading and 

5 writing on the recording surface. The slider includes an air-bearing surface that is configured to 

6 form a shallow recessed surface and a deep recessed surface, the air-bearing surface including a 

7 leading air bearing region and at least one insular region configured to reduce stiction with the 

8 disk. The shallow recessed surface is disposed between the air bearing surface and the deep 

9 recessed surface. 

plO The present invention may also be viewed as a slider for a disk drive including a disk, the 

r? 11 disk including a recording surface. The slider includes a transducer for reading and writing on the 

0 12 recording surface, and an air bearing surface that is configured to form a shallow recessed surface 

SJ 13 and a deep recessed surface, the air bearing surface including a leading air bearing region and at 

' ~ ? 14 least one insular region configured to reduce stiction with the disk, the shallow recessed surface 

f* 15 being disposed between the air bearing surface and the deep recessed surface. 

!S 16 The foregoing and other features of the invention are described in detail below and set forth in 

O 17 the appended claims. 

18 BRIEF DESCRIPTION OF THE DRAWINGS 

19 Fig. 1 A is a representation of a conventional slider. 

20 Fig. IB is a cross-sectional view of the slider of Fig. 1 A, taken along line AA f . 

21 Fig. 2 is an exploded view of a disk drive according to the present invention. 

22 Fig. 3 A is a representation of a slider according to an embodiment of the present 

23 invention. 

24 Fig. 3B is a cross-sectional view of the slider of Fig. 3 A, taken along line BB'. 

25 Fig. 4A is a representation of a slider according to another embodiment of the present 

26 invention. 

27 Fig. 4B is a cross-sectional view of the slider of Fig. 4 A, taken along line CC. 
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1 Fig. 5 is a representation of a slider according to still another embodiment of the present 

2 invention. 

3 Fig. 6 is a plan view of a head stack assembly, according to an embodiment of the present 

4 invention. For clarity, the head stack assembly is shown in Fig. 6 without the flex circuit cable 

5 assembly. 

6 Fig. 7 is a graph showing the take off velocity (TOV) of a conventional slider, showing the 

7 flying height (FH) of the conventional slider above the disk versus revolutions per minute (RPM) 

8 of the disk, according to the prior art. 

H 9 Fig. 8 is a graph showing the TOV of a slider according to the present invention. 

PlO DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Sll Fig. 2 shows the principal components of a magnetic disk drive 200 constructed in 



%i h2 accordance with the present invention. With reference to Fig. 2, the disk drive 200 is an 

13 Integrated Drive Electronics (IDE) drive comprising a HDA 244 and a PCBA 214. The HDA 

jT7 14 244 includes a base 216 and a cover 217 attached to the base 216 that collectively house a disk 

W 15 stack 223 that includes a plurality of magnetic disks (of which only a first disk 211 and a second 

O 16 disk 212 are shown in Fig. 2), a spindle motor 213 attached to the base 216 for rotating the disk 

r 17 stack 223, an HSA 220, and a pivot bearing cartridge 284 (such as a stainless steel pivot bearing 

18 cartridge, for example) that rotatably supports the HSA 220 on the base 216. The spindle motor 

19 213 rotates the disk stack 223 at a constant angular velocity. As also shown in Fig. 6, the HSA 

20 220 comprises a swing-type or rotary actuator assembly 230, at least one HGA 210, and a flex 

21 circuit cable assembly 280. The rotary actuator assembly 230 includes a body portion 240, at 

22 least one actuator arm 260 cantilevered from the body portion 240, and a coil portion 250 

23 cantilevered from the body portion 240 in an opposite direction from the actuator arm 260. The 

24 actuator arm 260 supports the HGA 210 that, in turn, supports the slider(s) according to the 

25 present invention. The flex cable assembly 280 may include a flex circuit cable and a flex clamp 

26 259. The HSA 220 is pivotally secured to the base 216 via the pivot-bearing cartridge 284 so that 

27 the present slider at the distal end of the HGA 210 may be moved over the surfaces of the disks 

28 21 1, 212. The pivot-bearing cartridge 284 enables the HSA 220 to pivot about a pivot axis, 

29 shown in Figs. 2 and 6 at reference numeral 282. The storage capacity of the HDA 244 may be 
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1 increased by including additional disks in the disk stack 223 and by an HS A 220 having a vertical 

2 stack of HGAs 210 supported by multiple actuator arms 260. 

3 The "rotary" or "swing-type" actuator assembly comprises a body portion 240 that rotates 

4 on the pivot bearing 284 cartridge between limited positions, a coil portion 250 that extends from 

5 one side of the body portion 240 to interact with one or more permanent magnets 292 mounted to 

6 back irons 270, 272 to form a voice coil motor (VCM), and an actuator arm 260 that extends 

7 from an opposite side of the body portion 240 to support the HGA 210. The VCM causes the 

8 HSA 220 to pivot about the actuator pivot axis 282 to cause the present sliders that include the 

9 read write transducers of the HSA 220 to sweep radially over the disk(s) 21 1, 212. 

5s 

QlO The HGA 210 includes a load beam and a gimbal coupled to the load beam. The slider of 

Mdl the present invention is coupled to the gimbal and includes a transducer for reading and writing on 

m 12 a recording surface of a disk. In one embodiment, the transducer may include a magneto-resistive 

J?i 13 ("MR") element for reading, such as a GMR element, and an inductive element for writing. An 

lU 

a 14 embodiment of a slider according to the present invention, such as may be coupled to the HGA 

L 15 210 in Figs. 2 and 6, is shown in Figs. 3 A and 3B. Fig. 3 A is a representation of a textured slider 

jj* 16 according to an embodiment of the present invention. Fig. 3B is a cross-sectional view of the 

0 17 slider of Fig. 3 A, taken along cross-sectional line BB'. As shown, the slider 300 includes an air 

18 bearing surface, a shallow recessed surface 304 and a deep recessed surface 310. The air-bearing 

19 surface includes a leading air bearing region 302 disposed near the leading edge of the slider 300 

20 and one or more insular regions 306 that are configured to reduce stiction with the disk. The air- 

21 bearing surface may also include a center pad 115 that defines a center pad region 308 disposed 

22 near the trailing edge of the slider 300. The air-bearing surface of the slider 300 of the present 

23 invention, therefore, is comprised of a plurality of constituent regions, as shown by the regions 

24 referenced at 302, 306 and 308. In this manner, the air-bearing surface of the slider 300 may be 

25 termed a "textured" air-bearing surface, as the air-bearing surface has been configured (etched, for 

26 example) to include a plurality of discrete regions, such as shown at reference numerals 302, 306 

27 and 308. 

28 The air-bearing surface 302, 306, 308 may be selectively etched to form the shallow 

29 recessed surface 304 and the deep recessed surface 310. According to the present invention, the 



Y:\K35A\A0800-A0899\A0853\DOCS\A0853paf.doc 



Page 6 



PATENT 

ATTY DOCKET K35A0853 

1 shallow recessed surface 304 is disposed between the air bearing surface and the deep recessed 

2 surface 310. The etching step (or other texturing, patterning or forming step) that forms the 

3 shallow etch surface 304 may also form the insular regions 306. Indeed, according to an 

4 embodiment of the present invention, the air-bearing surface is selectively etched (using 

5 appropriate known masking and/or collimating techniques, for example) according to various 

6 patterns and to various depths so as to form the shallow etch region 304, the deep etch region 3 10 

7 and so to leave the insular regions 306 bounded by the shallow etch region 304, as shown in Figs. 

8 3 A and 3B. As it is the leading air bearing region 302, the insular regions 306 and the center pad 

9 region 308 of the center pad 115 that collectively form the air-bearing surface of the slider 300, 
PilO the insular regions 306 themselves cannot protrude therefrom (because they are the air bearing 
jjll surface). In turn, this configuration of the air-bearing surface lowers increases the vertical pitch 
Ql2 and roll stiffness and lowers the flying pitch of the slider 300, as compared to the conventional 
\jl3 slider shown in Figs. 1 A and IB. 

SSI 

s 14 However, the insular regions of the air-bearing surface need not be bounded (or solely 

[7 15 bounded) by the shallow etch region 304. Fig. 4 A is a representation of a slider 400 according to 

W 16 a further embodiment of the present invention. Fig. 4B is a cross-sectional view of the slider 400 

Q 17 of Fig. 4A, taken along line CC. As shown in Figs. 4A and 4B, the insular regions 406 of the air- 

18 bearing surface may be bounded by the deep recessed surface 310. As best shown in Fig. 4B, the 

19 insular surfaces 406 and the leading air bearing surface 302 of the slider 400 are generally co- 

20 planar, but may collectively form a slight radius of curvature 412, whose radius is exaggerated in 

21 Fig. 4B for clarity of illustration. 

22 As shown in Fig. 5, which shows a still further embodiment of the slider according to the 

23 present invention, the air-bearing surface may also (i.e., in combination with the insular regions 

24 306 and/or 406) include insular regions 514 bounded by the center pad 115. The insular regions 

25 5 14 of the air-bearing surface may be substantially co-planar with the center pad region 308 of the 

26 air-bearing surface of the slider 500. Likewise, the insular regions 306, 406 of the sliders 300, 

27 400 of Figs. 3 A through 4B may be substantially co-planar with the leading air-bearing region 302 

28 and the center pad region 308 of the air-bearing surface of the sliders 300, 400. In 

29 contradistinction, the protuberances 106 of the conventional slider 100 of Figs. 1A and IB are not 

30 co-planar or substantially co-planar with the air-bearing surface 102, but protrude therefrom, with 
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1 deleterious effects upon the performance of the slider. 

2 As shown at 312 in Fig. 3B, the regions 302 and 306 (and/or 308) of the air-bearing 

3 surface of the slider 300 may collectively form a radius of curvature 312. The height differential 

4 between the insular regions 306 of the air bearing surface and the leading air bearing region 302 is 

5 preferably less than 4 micro inches. Similarly, as shown at 412 in Fig. 4B, the regions 302 and 

6 406 (and/or 308) of the air-bearing surface of the slider 400 may also collectively form a radius of 

7 curvature 412. The height differential between the insular regions 406 of the air bearing surface 

8 and the leading air bearing region 302 is preferably less than 4 micro inches. Likewise, the leading 

9 air-bearing region 302, the insular regions 306 and 514 of Fig. 5 may collectively form a radius of 
QIO curvature whose height differential is also less than 4 micro inches. A layer of diamond like 
£] ? n carbon may be deposited on the insular regions 306, 406, 514, the leading air-bearing region 302, 

pas 

Wl2 the shallow recessed surface 304 and/or on the deep recessed surface 310. The height 

SJ13 differentials discussed above may, for example, be less than 2 micro inches. For example, the 

I u 

"J 14 height differentials may be about 1 micro inch. 

M, 15 Each of the insular regions 306, 406, 514 of the air-bearing surfaces of the sliders 300, 

jj: 16 400 and 500 are shaped and dimensioned so as to reduce stiction with the disk(s) 212, 21 1. For 

*3JES? 

Q 17 example, the insular regions 306, 406, 514 may be shaped as a circle or an ellipse, for example. 

18 According to the present invention, each of the insular regions 306, 406, 514 may have a surface 

19 area that is greater than 100 microns squared and less than 2000 microns squared. 

20 Fig. 7 is a graph showing the take off velocity (TOV) of a conventional slider (such as 

21 slider 100 in Figs. 1A and IB), showing the flying height (FH) of the conventional slider above 

22 the disk versus revolutions per minute (RPM) of the disk, according to the prior art. As shown 

23 therein, the conventional slider as shown in Figs. 1 A and IB is able to fly about 0.2 micro inches 

24 (minimum flying height FHjnin of the slider) to about 0.25 micro inches (nominal flying height 

25 FH gap of the read/write transducers) above the surface of the disks when the disks are spinning 

26 at about 2000 RPM and fly at about 0.5 micro inches at about 4500 RPM. The protrusions 106 

27 of Figs. 1A and IB protrude from the ABS 102 by about 35 nm. The relatively great height of 

28 such protrusions 106 above the ABS 102, in turn, conventionally necessitates a high flying pitch 

29 to enable the protrusions 106 to clear the surface of the disk. 
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1 Fig. 8 is a graph showing the TOV of a slider (such as shown at 300, 400 or 500) 

2 according to the present invention. According to the present invention and in contrast to the 

3 flying performance of conventional sliders shown in fig. 7, the present slider 300, 400 and/or 500 

4 may fly between about 0.47 micro inches (FHmin, or minimum flying height of the read/write 

5 transducers above the disk) and about 0.57 micro inches (FHgap, or nominal flying height of the 

6 slider above the disk) when the disk is spinning at about 2000 RPM and may fly at between about 

7 0.65 and about 0.71 micro inches at about 4500 RPM. The present invention, therefore, enables a 

8 faster take off speed and enables the read/write transducers to fly above the disk at comparatively 

9 slower disk RPM. In turn, a faster take off speed causes less wear on the interface between the 
MlO read/write transducers and the surface of the disk (such as the CSS area of a CSS drive, for 
nil example). In addition, as no surface of the present slider protrudes above the air-bearing surface, 
tl2 the take off angle of the slider can be shallower than the comparatively higher take off angle 
5l3 necessary in conventional sliders to clear the protrusions 106 from the disk surface. Moreover, as 
ml4 the present slider has a greater roll stiffness as compared with conventional sliders, the flying 
* 15 characteristics of the present slider are more stable than those of conventional sliders. 

j{ - 5 

'i : 
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